To examine the effects of weight change during midlife on long-term mortality risk and quality of life in old age. DESIGN: Prospective cohort study with a 26-y follow-up. SUBJECTS: Socioeconomically homogeneous sample of 1657 men (born 1919-1934) who had attended health checks during the 1960s, were healthy and professionally active in 1974, and could recall their weight at the age of 25 y. MAIN OUTCOME MEASURES: Total mortality 1974-2000, scales of the RAND-36 (SF-36) health survey in 91% (n ¼ 1147) of the survivors in 2000. RESULTS: Body weight increased from 25 y of age until midlife, but not thereafter. During the 26-y follow-up, 392 men (23.7% of the initial 1974 cohort) died. Weight at 25 y of age did not predict death, but the adjusted mortality risk was significantly increased in the highest quartile of midlife weight gain (Z15.0 kg) compared with lower quartiles (RR 1.39, 95% CI 1.12-1.73). In 2000, multivariate analyses (adjusted for body weight at the age of 25 y and in 2000, age, smoking, alcohol and subjective health and physical fitness in 1974) showed impairment in all eight RAND-36 scales (statistically significantly in seven) with increasing weight gain in midlife. CONCLUSION: In this homogeneous male cohort, only the largest weight gain from 25 y of age to midlife predicted long-term mortality. Weight gain sensitively affected later health-related quality of life, and zero weight gain up to midlife was associated with the best quality of life in old age.
Introduction
Although there are numerous studies on both obesity (cf [1] [2] [3] [4] and weight gain as risk factors (cf), [5] [6] [7] [8] [9] some controversies still exist. The role of moderate overweight (body mass index, BMI o30 kg/m 2 ) has been less clear than that of actual obesity. 10, 11 Weight gain has not necessarily predicted mortality 9 and in many studies the association between weight change and mortality has been U-shaped, 6 high risk being seen both in those who lost and those who gained excess weight. In contrast, lowest mortality from coronary heart disease was observed in men with stable weight during a 20-y follow-up, 7 and leanness was not associated with excess mortality when smoking and illnesses were taken into account. 2 However, mortality may not be the best end point when the health effects of overweight are considered as a whole. Recently, the measurement of the health-related quality of life has emerged as a clinically meaningful end point. Crosssectional studies have generally shown an association between obesity and worse quality of life, [12] [13] [14] [15] but also low BMI seemed to impair health-related quality of life. 14 The associations do not prove causality, however, because impaired quality of life may have led to sedentary lifestyle and weight gain, or comorbidity may cause underweight. Therefore, longitudinal studies are needed. From the preventive viewpoint, the prospects of better quality of life later on could strengthen the pursuits for weight control earlier in life.
We studied the long-term (almost 50 y) association of body weight and midlife weight gain with both mortality and quality of life in a socioeconomically homogeneous male cohort. Importantly, all the study subjects were healthy, without medications, and professionally active in 1974. Consequently, neither premidlife diseases nor the effect of social status confound the follow-up results.
Methods

Baseline examinations in 1974 and follow-up examination in 1986
The cohort and examinations have been described earlier. 16 Initially healthy men, mostly business executives born in 1919-1934, had participated in structured health check-ups during the 1960s and early 1970s at the Institute of Occupational Health in Helsinki. They were evaluated with questionnaires in 1974 (Figure 1) , and 2206 men recalled their weight at 25 y of age. In closer examinations, 549 men were excluded because they had a history or clinical signs of chronic diseases, electrocardiographic abnormalities, or regular medications such as antihypertensives or antidiabetics. The remaining 1657 men were clinically healthy and professionally active. Weight and height were measured and BMI was calculated as weight (kilograms) divided by height (meters) squared. No quality of life instrument was used, but the men were asked questions of how they rated their present health and physical fitness on a 5-step scale ('very good', 'good', 'fair', 'poor', 'very poor').
Of the initial 1657 men, 1275 (82% of survivors) could be reassessed in 1986 with questionnaires and laboratory examinations ( Figure 1 ). This survey included measurements of both body weight and of the waist circumference. Earlier weight variables were not different between respondents and nonrespondents.
Mortality follow-up
Total mortality of the study population up to 31 December 2000 was retrieved from the Central Population Register, which keeps registry of all Finnish citizens. According to the Register, assessment of vital status is very reliable for people having their permanent place of residence in Finland (over 95% of the present cohort in 2000) irrespective of whether they die in Finland or abroad. Moreover, assessment of the vital status is also quite reliable for Finnish citizens living permanently abroad.
The 2000 survey
In 2000, we sent a mailed questionnaire to all survivors (remailed once for nonrespondents), and 1147 (91%) responded (Figure 1 ). Earlier weight variables were not different between respondents and nonrespondents. The questionnaire included items on demographic variables and lifestyle (smoking, alcohol consumption, physical activity), and the participants were asked to report their present body weight. In addition, the Finnish version of the RAND-36-Item Health Survey 1.0 (practically identical to the SF-36 health survey, 17, 18 ) was embedded in the questionnaire.
RAND-36 as a mailed questionnaire has been validated in the Finnish general population.
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Statistical methods NCSS statistical software (www.ncss.com) was used for the analyses. The eight RAND-36 scales (physical function, role physical, bodily pain, general health, vitality, social function, role emotional, and mental health) were calculated. 17, 18 A difference of at least three points was considered as clinically important. 18 Nonparametric tests were used to compare continuous variables, and w 2 tests were used to compare proportions. Proportional hazards regression was used to determine odds ratios (OR) and the 95% confidence intervals (CI). Spearmann correlation test was used to measure correlations. The change in body weight during early midlife was calculated as weight in 1974 (average age 47 y) minus weight at 25 y of age. In the analyses the weight change was divided in quartiles. However, because weight decrease may indicate subclinical disease, the lowest quartile was further divided into those who did not gain weight and those whose weight increased less than 4.1 kg. RAND-36 scores in different weight change groups were compared using analysis of covariance (ANCO-VA), and post hoc tests were performed according to the Bonferroni method. For these analyses, we selected covariates (age, smoking, alcohol consumption, body weight at 25 y and at year 2000, subjective health and physical fitness in 1974) that were not considered to be in the pathogenetic pathway between weight gain and clinical end points. Pvalues o0.05 were considered to be statistically significant.
Results
Characteristics at 25 y of age, in 1974 and in 1986
Baseline characteristics of the 1657 men in 1974 are shown in Table 1 Mean weight gain from 25 y of age until 1974 was 9.8 kg (s.d. 8.3), and the gain was significantly inversely correlated with weight at 25 y (r ¼ À0.19, Po0.0001). The weight change during early middle age was divided in quartiles as shown in Table 2 . The lowest quartile was further divided into those who did not gain weight and those whose weight increased less than 4.1 kg, and thus the analyses included five weight change groups.
Mortality during follow-up
Up to 31 December 2000, 392 (23.5%) men had died. Weight at 25 y of age did not predict mortality. Mortality was quite similar in the lower weight gain groups (18.4, 22.9, and 21.9%), but higher (29.9%) in the highest quartile of weight gain (Z15.0 kg). Mortality was 23.4% among those who did not report weight gain during midlife. Men in the highest quartile tended to have more cardiovascular causes (45.8% of total mortality ) than in the lower quartiles (30.0-36.1% of total). The relation between mortality and weight gain was further investigated using proportional hazards regression analysis, which was adjusted for age, weight at age 25, smoking and alcohol consumption in 1974, and subjective health and physical fitness in 1974. The highest quartile of weight gain was associated with 39% increased total mortality vs lower quartiles (odds ratio 1.39, 95% CI 1.12-1.73).
Quality of life of survivors in 2000
Among survivors (average age 73 y, s.d. 4), the response rate in 2000 was 90.7% (n ¼ 1147). The body weights at 25 y and in 1974, and midlife weight change were not significantly different between respondents and nonrespondents (data not shown). The profiles of the RAND-36-measured quality of life were not significantly different between the quartiles of body weight at age 25 y (data not shown). According to weight quartiles in 2000, significant and inverse patterns with increasing weight were observed in the scores of physical function (global P-value 0.02, ANCOVA), of role limitations due to physical function ('role physical', P ¼ 0.03), and of role limitations due to emotional factors ('role emotional', P ¼ 0.02). Nonsignificant differences were observed in all other scales of the RAND-36 (data not shown). In contrast, clearer differences in these scales ( Figure 3 , showing global P-values with ANCOVA) were seen according to the quartiles of weight change, (adjusted for age, body weight at age 25 y and in 2000, smoking and alcohol consumption in 1974, and subjective health and physical fitness in 1974). Men with no weight gain in midlife had consistently the best quality of life, and in seven out of eight RAND-36 scales there were statistically significant differences between the groups of weight change. The results of post hoc tests between groups are shown in the legend for Figure 3 . The associations between weight change and quality of life were virtually similar, if only the nonobese Figure 2 Distribution and change of body weight (kg) during the follow-up.
Body weight at age 25 y was based on subjects' recalled estimates of this weight, made in the 1974 survey when mean age of the cohort was 47 y. Body weight was measured in 1974 and 1986. In 2000, weight was reported by the respondents in the questionnaire. Weight change, mortality and quality of life TE Strandberg et al men (BMI o30 kg/m 2 both at baseline and in 2000, n ¼ 946)
were included in the analyses (data not shown).
Discussion
There are two central findings in the present study. First, in middle-aged men without clinical diseases at baseline, only the largest weight gain before midlife predicted long-term mortality up to old age. No excess mortality risk was associated with zero or negative weight change. Second and more importantly, weight gain until midlife was associated with impaired quality of life in old age, 26 y later. This impairment was independent of subjective health and physical fitness in midlife, and of the body weight at age 25 y or in old age. To our knowledge, there are no similar studies relating weight gain to both mortality and later quality of life over such a long period of follow-up. The results are based on a long follow-up with reliable mortality verification using national registers. Among survivors, the response rates were satisfactory both in 1986 (82%) and in 2000 (91%), and nonrespondents were not different from respondents as to earlier body weight and weight gain. Because social class has a clear impact on morbidity and mortality, 19 our homogeneous cohort represents a clean test of the hypothesis on a topic (quality of life) where social class may have an important confounding effect. We do not have information of risk factor levels (besides body weight) at the age of 25 y, but few men were overweight at that age, and less than 1% were obese. It seems unlikely that elevation of other risk factors (blood pressure, lipids, glucose) would have preceded weight gain. 20 The selective nature of our cohort may be seen as a limitation. However, the baseline characteristics and the weight change from young adulthood are quite similar to the results of an 18-y follow-up of a population-based male cohort from Wales. 9 This suggests that the life course change of body weight is quite similar (at least in Northern Europe) in the male cohorts born during the 1920s and 1930s. Recalled weight has been used in several studies and it is considered to be reliable. 21 This is also supported by the fact that we found a similar inverse relation between weight at 25 y and weight in midlife as in an earlier study where the weight was measured at 25 y of age. 8 Another limitation is that we could not properly assess the quality of life in 1974, as RAND-36 did not exist. However, at baseline all men were active, healthy, and without regular medications. We also had information of the subjective health and physical fitness in 1974, and the quality of life results in old age were adjusted for those data.
Our results demonstrate various impacts of midlife weight gain as a predictor of risk. Mortality was an insensitive indicator of risk; despite the long-term follow-up only the largest weight gain was associated with mortality risk. In contrast, quality of life in old age was a sensitive indicator of the impact of weight gain, and unchanged body weight in midlife seemed to ensure the best quality of life later on. These results are in accordance with the 4-y follow-up study in women where weight gain and intentional weight loss were reflected in SF-36 scales. 22 As worsening quality of life is associated with disability, the present results also support the study of employed men and women 23 in which BMI weakly predicted death, but was linearly correlated with subsequent work disability. Baseline obesity or becoming obese during 20 y was also associated with disability. 24 What are the possible implications of these results showing a sensitive link between weight gain and later quality of life? It is noteworthy that in our now elderly cohort only 7% were obese in midlife, probably due to their high socioeconomic status. 25 Today, people in affluent societies start gaining weight already in childhood and early adolescence, and 20-30%For even moreFof the middleaged population are obese. If these figures turn into a premature worsening of quality of life in a large segment of the population, consequences at the community level may be striking.
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